Background
The addition of SO 2 in wines is a longstanding and common practice utilized to preserve the quality of wine by preventing oxidation and browning. However, the practice has received attention in recent years due to variations in organic regulations across countries and the general public's perceptions of the health effects of added SO 2 . In the U.S. wine market, the addition of SO 2 is not allowed for wines labeled as "organic" wine. Wines with this addition that would otherwise meet the requirements to be labeled as organic, must instead be labeled as "made with organic grapes" (Alcohol and Tobacco Tax and Trade Board 2014) . In 2010, several wineries and vineyards petitioned the National Organic Standards Board (NOSB) to allow the addition of SO 2 in wine labeled as "organic", citing misunderstandings among consumers about the "made with organic grapes" label and the allowance of added SO 2 in wines labeled as organic in Europe and Canada as their primary reasons for petitioning for the change. The petition was rejected at the NOSB meeting in November 2011 (Siegel 2010 , National Organic Standards Board 2011a . This paper determines the effects of adding SO 2 on the price of French organic wine, thereby providing potential monetary effects of the current U.S. policy that prevents the addition of SO 2 to organic wine. This paper does not attempt to claim that SO 2 should or should not be allowed in wine labeled as organic; it only seeks to determine if U.S. winemakers could receive a higher price if allowed to add SO 2 to wine labeled as organic. This information is beneficial to policymakers and the National Organic Standards Board to determine monetary effects of their policy as well as to organic winemakers to determine whether continued perseverance on this matter is worthwhile. This paper proceeds as follows. First, background information on the addition of SO 2 to wine is provided. The second section contains a summary of previous work, and the third presents theoretical and empirical models. A discussion of the dataset follows the models, and then results and conclusions are presented.
There are two potentially conflicting effects of SO 2 on wine price. First, there is the "red wine headache" myth. For some people, red wine causes headaches, and these headaches are often blamed on sulfites (Gaiter and Brecher 2000) . American and French consumers of wine hold this belief (Remaud and Sirieix 2012) . However, studies suggest that histamines and biogenic amines are the actual culprits (Jarisch and Wantke 1996) . If consumers prefer red wines without added SO 2 due to the misperception that sulfites cause their headaches, then sulfured red wines would be expected to receive a lower price than unsulfured, ceteris paribus. It should be noted that for a small portion of people (less than 0.05 %), sulfite consumption can cause reactions ranging from minor skin, respiratory, or gastrointestinal problems to anaphylactic shock and even death (Lester, 1995) . The possibility of severe reactions from consumption of sulfites has resulted in warning labels on wines containing more than 10 ppm of sulfites (Alcohol and Tobacco Tax and Trade Board [ATTTB] 2006) . For this sulfite-sensitive segment of the population, both the red wine headache myth and the sulfite sensitivity would affect price.
The second possible effect of SO 2 on wine price is positive and may counteract the effect of the headache myth. SO 2 is an antioxidant and removes quinones (organic compounds) from the wine that, if not removed, would eventually lead to browning, oxidation, and spoiling of the wine. Such spoilage, however, may not occur immediately (Waterhouse 2002) . Since there is a time element to the prevention of spoilage, wines consumed immediately after purchase will be less prone to spoiling, and the negative effect of SO 2 may dominate. However, for consumers who purchase wines as an investment to be consumed in the future, the addition of SO 2 may be quite valuable. It should be noted that SO 2 is a relatively inexpensive input.
Using a dataset of 546 French organic wines, this paper tests whether and how the addition of SO 2 affects the price received for organic wine. Results demonstrate that producers who produce wines that are meant to be cellared for an extended period of time experience a suggested retail price premium from the addition of SO 2 . However, those producers who produce red wines meant to be consumed soon after purchase actually experience a reduction in price from the addition of SO 2 , consistent with the red wine headache effect.
Previous work
Only one peer-reviewed paper addresses consumers' willingness to pay for wine labeled with "no sulfites added" (Costanigro et al. 2014) . They find a price premium of $0.64 per 0.75 L bottle for no sulfite-added wine in the U.S. market. Respondents who report experiencing headaches after consuming wine drive this result. When the sample is separated into headache sufferers and non-headache sufferers, their respective willingness to pay for no sulfites added are $1.23 and $0.33. These results would suggest that consumers would pay less for bottles of wine with added SO 2 and that regulations preventing organic growers from adding SO 2 are not resulting in lowered prices. However, this survey asked respondents about their experiences with headaches after drinking wine, and then proceeded to give them choice experiments with bottles labeled with organic, no sulfites added, and/or no special label. Such an ordering may have led respondents to attach a larger negative association to sulfites than they may attach to sulfites when actually purchasing wine.
While not specifically analyzing the effect of added SO 2 , Mueller et al. (2010) , analyze the effect of various back label information on consumers' willingness to pay for wine. One of the attributes considered was an ingredient label that read: "Grapes, Sulphur dioxide, Yeast, Diammonium phosphate, Bentonite, Pectinolytic enzymes", versus labels that did not have any ingredients listed. The survey included choice experiments for which respondents had to choose one bottle to hypothetically purchase from among four options that varied in terms of the information provided on the back label. The inclusion of the ingredient list negatively affected the probability that a consumer chose the bottle for about a third of respondents. For 13 % of the sample, the probability of choosing the bottle dropped by 59 % with the inclusion of the ingredient list. Unfortunately, the effect of SO 2 's inclusion in the list cannot be separated from the effect of the other ingredients.
Work by Delmas and Grant (2010) indirectly touches on the topic of valuation of added SO 2 . They analyze the value of eco-certification and eco-labeling for California wines. Two forms of eco-certification were possible for the wines in their sample: certified organic and certified biodynamic. Among wines certified as organic or biodynamic, some contained eco-labels indicating the eco-certification of the wine, while others were eco-certified but not labeled as such. They find that eco-certification is associated with an increased price received for the wine, while eco-labeling results in a lower price. They posit that these findings might be due to confusion caused by the twotiered organic labels and due to the instability of wines produced without added SO 2 over time.
In addition to work that directly or indirectly examines the effects of added SO 2 on price and consumer decisions, other work establishes that consumers make wine decisions based on information on the front and back labels. Charters et al. (1999) analyzed consumers' perceptions and usage of back label information when purchasing wine, using a survey of people enrolled in wine courses in South and Western Australia. They found that 78 % of respondents found the back label information "interesting" while 57 % regularly used the back label information when making their wine purchase decisions. Thomas and Pickering (2005) analyze the importance of wine information on purchase decisions, comparing New Zealand consumers who are 21 to 40 years old and those who are 41 years old or older. Among the survey respondents, the younger cohort placed a higher importance on the wine's attributes and the winemaking process than the older cohort. This suggests that younger wine drinkers may pay more attention to and care more about the addition of SO 2 when choosing wines.
Methods
To establish an effect of SO 2 on price, the relationship between SO 2 content and market price must first be established. For an individual, the maximum amount he is willing to pay for a bottle will be equal to the dollar value of the utility that he expects to receive from consuming the bottle. His expected utility, EU, from bottle of wine i can be modeled as:
where β is the probability that the wine has spoiled, S is the SO 2 content of the wine, t is the intended cellaring time, θ is the disutility experienced from a post-wine consumption headache, and γ is the probability that the consumer experiences a headache after consuming the wine. It is assumed that utility is derived from the taste and quality of the wine, and that in the event of spoilage, the consumer gets no utility from the wine. Additionally, disutility from experiencing headaches is independent of the initial utility derived from the wine's taste and quality. The probability of spoilage, β, is a function of added SO 2 and cellaring time where the addition of SO 2 decreases β and increased cellaring time increases β. The probability of a headache, γ, should be independent of SO 2 content, but some consumers may perceive a positive effect of SO 2 content on γ. While bottles rarely contain the exact sulfite content, different ecolabels have different maximum allowed concentrations, and most bottles that do not have added SO 2 contain a label saying so. A consumer who is concerned about consumption of sulfites can consume a wine with no added sulfites or a lower concentration of sulfites and may pay a price premium in order to do so, as demonstrated by Costanigro et al. (2014) . A consumer concerned with spoilage will likely not prefer such wines and may pay a price premium for wine with added SO 2 .
When a consumer purchases a wine they have previously not tasted, they will need to rely on attributes of the wine to determine the expected taste and quality of the wine, f (taste, quality) in (1). Four classes of attributes are considered: indirectly observable wine characteristics, directly observable wine characteristics, measures of wine quality, and winery characteristics. Indirectly observable wine characteristics arise from production practices. These could be flavors that result from aging in an oak barrel or sweetness that arises from adding sugar to the wine.
1 For a consumer purchasing a wine that they have not consumed before, they have some idea of what these production practices contribute to the wine without knowing exactly what they contribute to the specific wine. There are wine characteristics that are directly observable such as the percent alcohol, the variety, the wine region, and the vintage. Third, there are subjective measures of quality such as references in wine guides, Robert Parker ratings, and Grand Cru designations. Finally, there are characteristics of the winery that may influence a consumer's valuation of the wine. These could include certification by the Fédération Nationale Interprofessionnelle des Vins de l' Agriculture Biologique (FNIVAB), a private organic-certifying agency in France, which may increase value for consumers concerned about purchasing certified organic products. They could also include the size of the winery or the popularity of the winery. Finally, the inclusion of SO 2 will influence the expected utility of the wine through the two mechanisms discussed above. A major question that might arise is, "Do all consumers care about added SO 2 or even notice if SO 2 is added or not?" Most likely the answer to this question is no, but restrictions on SO 2 will affect winemakers even if only a portion of consumers care about added SO 2 . Total market demand is the summation of the individual consumers' willingness to pay, and total market demand determines market price. Consider wine 1 that contains SO 2 versus wine 2 that does not; the two wines are otherwise identical. Consumer group A believes that SO 2 in wine gives them headaches while consumer group B completely disregards SO 2 when purchasing a wine. Consumer group A's willingness to pay for wine 1 is less than its willingness to pay for wine 2, while group B has equal willingness to pay across the two wines. When the individual demands are summed, the market demand and price for wine 1 will be less than that for wine 2 due to consumer group A's preferences.
In cases where market price and the characteristics of a good are known, hedonic pricing models can be employed to empirically determine the effect of the good's attributes, such as added SO 2 , on market price (Lancaster 1966 , Rosen 1974 ). These models have been used extensively in the wine economics literature to determine the effects of quality ratings, climate change, terroir, objective and sensory wine attributes, cellaring potential, spatial externalities, and other wine attributes on wine price (see Ashenfelter and Storchmann 2010; Costanigro et al. 2007; Combris et al. 1997; Cross et al. 2011 Lecocq and Visser 2006; Viana and Rodrigues 2007; Yang et al. 2012 for examples). The price a consumer is willing to pay for a bottle of wine will equal their expected utility from consuming the bottle of wine, as modeled in equation (1), and the market price that will result in equilibrium will be an aggregation of all consumers' willingness to pay. Thus, following the theoretical model in equation (1), the bottle price of wine i from winery j, P ij , can be empirically modeled using an hedonic pricing model as:
where I ij , is a vector of indirectly observable characteristics resulting from production practices, D ij is a vector of directly observable characteristics, Q ij is a vector of measures of quality, W j is a vector of winery characteristics, S ij is a vector of variables pertaining to SO 2 use, u j is a normally distributed unobservable term associated with winery j, and ε ij is a wine-specific unobservable term for winery j's wine i that is also normally distributed. 2 Using linear regression, the coefficients can be estimated to determine the effect of each characteristic on price. The effects of added SO 2 on price can be determined from the vector β 5 . Equation (2) could be estimated using Ordinary Least Squares (OLS), but this model may suffer from endogeneity, resulting in biased estimates of β i , if there are unobserved variables that affect both price and any of the independent variables. Unobservable characteristics such as terroir, the winery's natural endowments such as slope and microclimate, the talent of the winery's winemaker, and the winery's overall quality may affect the price received but they may also affect the choice of production technologies and hence the indirectly observable characteristics. In the dataset, the majority of wines have only one year separating their oldest and newest reported vintages, and the average span of vintages is only 1.9 years.
3 While the winemaker may change during this span, wineries tend to hire winemakers of a similar quality, and changes in vineyard quality do not change substantially within small time periods (Reuter 2009 ). Consequently, all of the problematic unobservable characteristics are most likely at the winery level and constant within the observed timeframe; they will be controlled for by including a winery-level fixed effect, u j . 4 Previous work has made similar assumptions pertaining to the consistency of these winery-level unobservable variables across time (Ali and Nauges 2007; Delmas and Grant 2010; Haeger and Storchmann 2006) . ε ij likely contains shocks such as favorable or unfavorable weather for that particular wine's growing season, natural variation in the outcome resulting from the winemaking process, and other individual wine-specific shocks, which will be independent of the observed independent variables. Equation (2) is empirically estimated using several sample groupings. The first includes all wines in one sample. This pooled sample may produce insignificant coefficients for some variables due to differing effects of practices and characteristics on the valuation of red versus white wines. The effect of added SO 2 , however, will be differentiated for red and white wines due to the interaction of the SO 2 and white and rosé wine variables. This pooling has the advantage of the largest sample size. The second grouping splits the sample into two groups: white and red wines. Coefficients most likely vary across the two groups, but this division limits the sample size, particularly for white wines.
Since winemakers may add SO 2 to wines of higher quality or to wines that will be sold at a higher price, this possibility is explored. First, a probit model of the probability of adding SO 2 to the wine is estimated. The binary variable, S ij , is observed, where S ij equals one if SO 2 is added and zero otherwise. However, this binary variable is determined by the latent variable S Ã ij which is the difference in expected profits between a wine with and without added SO 2 . The relationship between the observed and latent variables is given by:
and the latent variable is modeled as:
where all variables are as defined previously. Production variables and wine characteristics may affect the need for SO 2 . Wine price and wine price interacted with white and rosé indicator variables; indicators of quality; and winery characteristics may influence the winery's decision. Additionally, the model includes controls for wine variety, region, and vintage. From these estimates, possible sources of bias are identified. The most likely source of bias is due to a correlation between quality, which may be imperfectly measured with the variables utilized, and the addition of SO 2 . To test for this possibility, the data are grouped based on two indicators of quality: the AOC certification and whether or not the winery has ratings in the Parker database. Within these groupings, there will be less variation in quality and consequently a smaller likelihood that the results are simply picking up this correlation.
Data
While a European standard exists for organic grapes, until recently, no European standard existed for organic wine. The new standard, set by Regulation (EU) No. 203/2012 was implemented for the 2012 harvest, and this paper only makes use of wines produced prior to implementation. 5 Due to the previous lack of a uniform standard, individual countries, producers and/or organic certifiers created their own standards for organic winemaking. Additionally, international organizations such as Demeter certify wine that meets their production standards. 6 While maximum levels of permissible SO 2 vary across these standards, all of the European (past and present) and international standards allow the addition of some SO 2 , and most limits on its use meet or exceed the limits used in the U.S. for wine labeled as "made with organic grapes" (Table 1 ) (Jonis et al. 2008) . This paper uses a dataset compiled from http://www.organic-wine.bien-boire.info/ index.php. This website contains information on French organic wines provided directly from the wineries. As a result, the sample may not be entirely representative of French organic wine. The sample likely includes wineries whose owners or employees are more technologically savvy or wineries that seek out free methods of disseminating information about themselves. There is no apparent way in which these types of wineries will differ with respect to SO 2 , so the results should still be generally applicable, despite the potential for an unrepresentative sample. As of March 2012, the website contained complete price, wine, and winery information for 546 wines.
Tables 2 and 3 provide summary statistics of the data. Table 2 includes price and all of the independent variables that are included and reported in the analysis that follows. Table 3 includes wine variety, wine region, and wine vintage. These variables are included in the regressions, but, because they are not the focus of the analysis, they are excluded from the tables for length considerations. The dataset contains 336 red wines, 178 white wines, and 59 rosé wines. The wines were produced in 12 different regions of France and represent vintages from 1996 to 2010. The average price was €10.46. Sulfur dioxide was added to 89 % of the wines. The price variable was constructed from retail prices reported by individual wineries. While these are the wineries' suggested retail prices and the price of wines sold at the winery, the actual bottles may sell to some consumers for less if the retailer discounts the wine or for more if they are sold at bars or restaurants. While this analysis would ideally include the median or average price paid by consumers, the winery's retail price is an adequate approximation since that is indeed the price paid by some consumers. Prices were reported between 2006 and 2012. Using inflation rates reported by the European Commission's Eurostat (http:// http://epp.eurostat.ec.europa.eu), prices were converted to 2011 Euros. For price and those independent variables that exhibit rightskewedness, a natural log transformation was used.
The analysis includes production variables that yield indirectly observable characteristics of the wine, directly observable wine characteristics, measures of wine quality, and winery characteristics. This last group will be absorbed by the fixed effects model, but will be reported for the OLS and random effects estimates.
The production variables include manual grape harvest, length of barrel aging, the use of additional fermenting agents, the addition of sugar, filtering, the use of an oak barrel for aging, and the total volume of production of the specific wine.
The directly observable wine characteristics include the percent alcohol; whether or not the wine is sparkling; the recommended cellaring time (observable on the website although likely not actually listed on the bottle but communicated to the consumer at the winery); the wine variety, region, and vintage; and the total amount of time the wine has already been aged. The last variable is constructed using the wine's vintage and the date at which the wine's price was entered on the website.
Since many consumers purchase wines that they have not previously tasted, they may rely on indicators of quality to help formulate their valuation of the wine. Additionally, they may experience an added utility from knowing that they are drinking a wine that has been rated highly. In France, the Hachette Guide to French Wine is a commonly used guide. Wines are entered either without any stars, indicating a wine that is typical of its region, but noteworthy, or entered with one to three stars, indicating a good, remarkable, or exceptional wine, respectively. The highest possible honor is to be listed and given the "Coup de Coeur". The 2011 guide contains 10,069 wines, and of these, only 471 received this honor (Bachelot 2010) . The analysis includes indicator variables that equal one for those wines included in the guide. Additionally, the models include an interaction term between the indicator variable and the number of stars received, if any, and include an indicator variable that equals one if the wine received the Coup de Coeur.
In addition to Hachette Guide references, the models include ratings from eRobertParker.com. Very few of the specific wines in the dataset can be found in the ratings database but 24 % of the wines are from wineries that have at least one of their wines represented. A Parker ratings variable was constructed using the median rating for the winery if available and using the sample median for those wineries with no ratings. The models also include indicator variables for ratings at the winery level because the existence of a rating may indicate higher quality than those wineries without any ratings. In one of the robustness checks of the analysis, the model is estimated separately for those wineries with a Robert Parker Rating, and those without to determine if the lack of ratings for some wineries biases results. Finally, in addition to the Hachette Guide and Parker variables, the models include indicator variables for wines that have a Grand Cru or Villages designation and wines that have Appellation d'Origine Contrô-lée (AOC) certifications.
Winery characteristics include how long the winery has been producing organically, whether or not the winery is certified by FNIVAB, Biodyvin, and/or Demeter, and the total size of the winery's production.
Finally, the models include variables pertaining to the use of SO 2 . The model contains an indicator variable for the addition of SO 2 , and this variable is interacted with indicator variables for white and rosé wines to allow the effect of added SO 2 to differ for white and rosé wines, relative to red wines. Oxidative browning is more often a problem for white and rosé wines than for red wines (Waterhouse 2002) . Additionally, the models contain an interaction between the SO 2 variable and each of three indicator variables for whether or not the winery is certified by one of three certifying agencies: FNIVAB, Demeter, or Biodyvin. These terms allow the effect of added SO 2 to vary across the different certifiers. FNIVAB is a French organization that certifies that the wine is organic while Demeter and Biodyvin are international agencies that certify that the wines are biodynamic. For all three agencies, wineries must meet specific standards in order to place the agency's label on the bottle. The base group will be those wines that claim to be organic but are not labeled by one of these three organizations. Some wines in this group may have an Ecocert or a Nature et Progrès organic certification; data on wineries participating in these programs were not available to identify them in the dataset. If consumers are concerned about the level of added SO 2 in their wine, ecolabels may add value to the wine because it assures the consumer that the wine's sulfite content meets the certifying agency's limits (Table 1) .
Each wine in the database includes the recommended drinking period. To construct a variable for intended cellaring time, the year in which the wine was listed in the database was subtracted from the final year in the drinking period. The log of this variable was also interacted with the SO 2 variable. Since SO 2 is a preservative, its addition is hypothesized to add more value to those wines that will be cellared for a longer period.
Results and Discussion
All wines Table 4 reports estimation results when all observations are utilized together. Five of the SO 2 variables are statistically significant. First, the effect of an addition of SO 2 on the base group of wines (red wines not certified by FNIVAB, Biodyvin, or Demeter that are intended to be consumed shortly after purchase) is negative, with a marginal effect of a 23 % reduction in price. For wines certified by Biodyvin, the addition of SO 2 leads to an additional 30 % reduction in price on top of the base effect. Analysis of French consumers' perceptions of biodynamic, organic, and no sulfites added wine reveals two perceptions that likely influence this result. First consumers associate organic and biodynamic wine with wines that are good for their health, while they also associate no sulfites added wines as being good for their health (Remaud and Sirieix 2012) . Consequently, the addition of sulfites to Biodyvin wine likely negates the perceived health effects of the wine, leading to a negative effect. For non-Biodyvin white and rosé wines, the addition of SO 2 will have a net positive effect of almost 3 % and 26 %, respectively. For Biodyvin white and rosé wines, the addition of added SO 2 still yields a net negative effect. Since white and rosé wines are more likely to oxidize than red wines, the addition of SO 2 appears to be beneficial or less negative for white and rosé wines than red wines. Column 1 of Table 5 lists the net effect of added SO 2 on wines that are intended to be consumed immediately for the various categories of wines.
Finally, as hypothesized, the addition of SO 2 has an increasingly positive effect as the length of intended cellaring time increases (Table 4) . The "Pooled Regression" column of Table 6 lists the intended cellaring time length at which the effect of adding SO 2 becomes positive for the various types of wines, as estimated when all data are pooled together. For those wines for which the net effect is already positive, the critical cellaring time is listed as "0.00." For those wines for which the net effect is negative for wines intended to be consumed immediately, the time listed is the time at which the positive Estimates for red wines come from regression using only red Non-Parker wines effect of cellaring length interacted with added SO 2 just equals the net negative effect of the other SO 2 variables. The length is longest for red Biodyvin wines for which it takes a cellaring time of about 35 years for the addition of SO 2 to be beneficial. Several other variables have significant coefficients with signs that are as hypothesized (Table 4) . Wines with larger production and rosé wines are associated with a decrease in price. Manual harvest, the use of an oak barrel for aging, an AOC certification, sparkling wines, and increasing alcohol content are all associated with an increase in price. These results are consistent with expectations.
Red vs. White wines
When the sample is split into white and red wines, the first thing to note is that many variables lose significance (Table 7 ). The smaller sample size, particularly for white wines, likely causes this result. However, even with the smaller sample size and fewer significant coefficients, three of the SO 2 variables remain significant in the regression for red wines and one in the regression for white wines. The addition of SO 2 reduces price by 52 % for the base group of red wines, and by an additional 31 % for red wines that are certified by Biodyvin. The interaction between Biodyvin and added SO 2 is dropped for white wines due to a lack of variation in the addition of SO 2 for Biodyvin white wines. As seen in the pooled regression, the interaction between the addition of SO 2 and the intended cellaring time is statistically significant and positive for both red and white wines. For white wines, the base effect of added SO 2 is neutral, and the net effect is positive and increasing as intended cellaring length increases. For nonBiodyvin red wines, the net effect becomes positive for wines that are expected to be aged for at least 5.5 years (Table 6 ). For Biodyvin red wines, the net effect becomes Estimates for red wines come from regression using only red Non-Parker wines ,and c indicate significance at the 10 %, 5 %, and 1 % level, respectively. Heteroskedastic robust standard errors reported in parentheses. Degrees of freedom for each regression are reported in parentheses for the Hausman Tests positive for wines that are expected to be cellared for at least 7.5 years. The longer cellaring length is due to the base negative effect of added SO 2 combined with the negative effect of the interaction between SO 2 and Biodyvin. The effect of added SO 2 on Biodyvin red wines is likely driven by consumer preferences. As discussed earlier, those consumers who prefer to drink biodynamic wines may be more health conscious and also associate sulfites with health effects. Consequently they are not willing to pay as much for certified wines that contain added SO 2 . The differing effects for white and red wines are likely driven by the differences in their tendencies to oxidize, as discussed earlier.
For both red and white wines, increasing production of the wine decreases its price, indicating quality and quantity tradeoffs in wine production. The effect of manual harvest, oak barrels, and sparkling wine remain qualitatively the same in the regressions for red and white compared to the pooled sample. The AOC certification has a positive effect on the price of red wines, increasing price by about 15 %, but has no statistically significant effect on white wines. Conversely, the Hachette Coup de Coeur and the existence of a Parker rating at the winery level have positive effects of about 21 % and 19 %, respectively, on white wines, but no statistically significant effect on red wines.
It is interesting to note that while the existence of a Parker rating at the winery level is statistically significant, the rating itself is not a significant determinant of price. A meta-analysis of the relationship between wine prices and quality ratings demonstrates that the literature finds a wide range of correlations between price and ratings ranging from negative correlation to a large positive correlation approaching a correlation coefficient of one (Oczkowski and Doucouliagos 2014) . Where any given sample falls on this continuum is likely a result of the kinds of consumers purchasing the wines consumed in the sample. Consumers who have a stronger knowledge of wine ratings and what they mean will pay more for wines with higher ratings, while those without strong knowledge of what the ratings mean may see the existence of any rating as an indicator of quality without distinguishing between wines with higher or lower ratings. Additionally, expert ratings do not necessary align with the average consumer's ratings, which would explain a lack of correlation between quality ratings and price (Schiefer and Fischer 2008) .
The ecolabels appear to affect red wines, with Biodyvin having a positive effect and Demeter having a negative effect on price, while the coefficients on these variables are insignificant in the regression for white wines. The significant effect of a Biodyvin label paired with the insignificant effect of FNIVAB (organic) and negative effect of Demeter (biodynamic) labels may be a result of the unique requirements of the Biodyvin certification process. As part of the process, wineries must have their wine tasted. While the certification agency claims that this tasting is not to determine or guarantee quality, it may be perceived as a guarantee of quality (Biodyvin 2012) . In fact, the website morethanorganic.com states, "Wines carrying their Biodyvin logo must be made from biodynamic grapes and are certified by ECOCERT. The mark is also a guarantee of quality: all Biodyvin wines are tasted and approved by SIVCBD" (Morethanorganic 2015) . 7 The other eco-certification processes do not include tasting the wine. The negative coefficient on Demeter certification may be due to its widespread use. Unlike Biodyvin and FNIVAB, Demeter is not a wine-specific label.
Its association with more commonplace products like cereal and bread may lessen its value when attached to wine, explaining its negative coefficient.
Probability of added SO 2
One could argue that the coefficients on the SO 2 variables could be biased. Winemakers may add SO 2 to wines that are of higher quality and will receive a higher price or conversely, they may add SO 2 to wines that are of lower quality if lower quality wines are more likely to spoil. If that is the case, the effect attributed to SO 2 will include this quality effect, thus over-or underestimating the true effect of SO 2 . While there are several controls for quality, none are perfect controls. Table 8 shows the results of a probit model predicting the probability that a wine contains added SO 2 . Wines with added ferments, that have been filtered, that are made by larger wineries, and that have longer barrel aging lengths are more likely to contain added SO 2 than their counterparts. Sparkling wines, FNIVAB wines, and wines made by wineries with more organic experience are less likely to have added SO 2 . Interestingly, the existence of a Parker rating at the winery level decreases the probability that the wine contains added SO 2 , but higher ratings increase the probability that the wine contains added SO 2 . The Parker dummy variable has a positive coefficient in the price models, while the rating itself is insignificant. If the existence of a Parker rating is a better indicator of the consumer's perception of quality than the rating itself, then higher quality wines appear less likely to contain added SO 2 , while wines that critics rate highly are more likely to contain added SO 2 .
Of the three price variables included in the probit model, only the interaction between price and the rosé indicator variable is significant. Higher priced rosé wines are more likely to contain added SO 2 than lower priced rosé wines. This relationship may bias results in the regression model using the pooled sample. However, when the sample is split between red and white wines, no rosé wines are included, eliminating any possible bias from the relationship found here. The insignificance of price and price interacted with white wines suggests that SO 2 is not more likely to be added to wines of higher or lower price.
High vs. Low quality wine
To address possible bias arising from an imperfect measure of quality, the sample was split by measures of quality. First, it is split based on whether or not the wine has an AOC certification. The first split includes both red and white wines in both the AOC and non-AOC groups. Then the model is estimated for only red AOC wines. The other possible groups (white AOC, white non-AOC, and red non-AOC) do not contain enough observations to estimate the full model. Table 9 presents the estimates for these models. The effect of added SO 2 remains negative for the base group of red wines in the regression containing all non-AOC wines and the regression containing only red AOC wines, and the magnitude is similar across the groupings. For Biodyvin wines in the regressions containing all AOC wines and only red AOC wines, the addition of SO 2 has an additional negative effect on price. There are only 13 non-AOC Biodyvin wines and all of them contain added SO 2 , which does not allow the effect of the interaction term to be estimated for the non-AOC group. The robustness of the effect of added SO 2 on red wines and on Biodyvin wines within smaller groups of similar quality suggests that these results are not just picking up correlation caused by an omitted variable.
For the regression containing only red AOC wines, the addition of SO 2 for Demeter wines has a positive effect on price that just outweighs the negative base effect of added SO 2 . Consumers of Demeter and Biodyvin wines likely differ in their valuation of added SO 2 . Lastly, the interaction between added SO 2 and intended cellaring length is statistically significant and positive in the regressions containing all non-AOC wines and only red AOC wines. 8 The AOC and Non-AOC columns of Table 6 show the intended cellaring lengths at which the effect of added SO 2 becomes positive. Notably, the cellaring length at which the value of added SO 2 becomes positive is relatively high for rosé and white AOC wines certified by Biodyvin. For Biodyvin wines, there is a large negative effect of added SO 2 (Table 9 ). Additionally, the marginal effect of an extra year of cellaring time is small for these wines, while it is larger for red AOC wines. With a small marginal effect, it takes more years for the value of added SO 2 to become positive (Table 6 ).
The robustness of the interaction between cellaring length and added SO 2 across two groups of different quality suggests that this effect is not a result of omitted variables bias. The only non-SO 2 variable that has a consistent effect on price across regressions for all groupings is the oak barrel dummy variable; an oak barrel has a positive effect on price, varying between 18 and 21 %.
For the next quality split, the sample was partitioned based on the existence of a Parker rating (Table 10) . The model was also estimated for red wines without a nonParker rating. As before, the other possible groups (red Parker, white Parker, white non-Parker) do not contain enough observations to estimate the full model. The effect of added SO 2 in the base group is significant and negative for the non-Parker and the red Non-Parker groupings. It is insignificant for the Parker grouping. The addition of SO 2 has a positive effect on price for Demeter wines, although for red non-Parker wines, the positive effect does not outweigh the base negative effect of added SO 2 . In this model, the effect of added SO 2 for wines certified by FNIVAB is significant; the addition has a negative effect on these wines when the sample only contains wines with a Parker rating.
Across regressions for all three groups, the interaction between added SO 2 and intended cellaring length is statistically significant and positive. The effect is largest for red Non-Parker and smallest for the pooled red and white non-Parker. The significance of this variable across both the Parker and Non-Parker groups suggests that the effect of intended cellaring time on the effect of added SO 2 is not driven by unobservable differences in quality.
As seen when partitioning by AOC status, the oak barrel indicator variable is the only variable with a coefficient that is significant across all groupings, yielding a positive effect on price.
Conclusions
From these results, several conclusions can be drawn. First, the addition of SO 2 is generally associated with a decrease in price for red wines that are intended to be consumed immediately. Red wines with a Parker rating are the only exception to this; for these wines, the effect was negative but statistically insignificant. The myth that sulfites in wine cause headaches is largely associated with red wines, so it is not surprising that there is a negative effect of added SO 2 on red wines intended to be consumed immediately. For non-Biodyvin and non-FNIVAB white and rosé wines, the effect appears to be neutral or positive. This is likely driven by the likelihood of oxidation for these wines, and the lack of headaches generally experienced after drinking white and rosé wine. For red, white, or rosé Biodyvin wines, the effect is negative for wines intended for immediate consumption. In general, the results suggest that Biodyvin wines command a price premium relative to other organic and biodynamic wines, potentially due to the tasting requirement of certification. These consumers may not view biodynamic wines as highly when SO 2 is added, due to the perceived health effects of sulfites. Similarly, for some red and white FNIVAB wines, the effect is negative. However, red wines certified by Demeter experience a positive or less negative effect from added SO 2 . Demeter wines experience negative price effects from certification, regardless of sulfite content. If Demeter wines are viewed as being of lesser quality than the other eco-labels, consumers may perceive the need for sulfites to preserve the wine or Demeter wines may attract a different customer base that is unaware of the perceived negative consequences of added SO 2 .
While red wines that are intended to be consumed immediately may receive a lower price when SO 2 is added, wines with longer intended cellaring times benefit from the addition of SO 2 , most likely due to the resultant decreased risk of oxidation from the preservative. Our results suggest that as intended cellaring time increases, the effect of added SO 2 also increases, and the net effect will be positive after a given length of time, ranging from 2.21 to 34.95 years for red wines.
With respect to the U.S. organic wine-labeling dilemma, first, the applicability of these results must be considered. In general, the European organic market is larger than the American organic market. A higher percentage of agricultural land is under organic production in Europe, and a higher share of purchased food is certified organic in Europe (Agence Bio 2013; Green 2013 ). This implies that there is likely higher demand for organic wine in France than the U.S. This would potentially lead to higher prices for all organic wine sold in France, regardless of the addition of SO 2 . This analysis is concerned with the marginal effect of added SO 2 on price, and the existence of an overall organic price premium in France does not imply a change in the marginal effect of added SO 2 . Such an effect would only result from a difference in consumer perceptions regarding added SO 2 . Both French and American consumers blame the sulfites in wine for their headaches (Gaiter and Brecher 2000, Remaud and Sirieix 2012) . Consumer knowledge of the use of SO 2 as a preservative may vary, but no evidence of this variation could be found in the literature. Assuming the same level of knowledge, which is likely to be the case across French and American consumers who intend to cellar their wines for extended periods of time, the results from this study will be applicable because the marginal effect of added SO 2 will be similar in both markets. Further work should explore whether or not preferences for or against added SO 2 and knowledge of added SO 2 vary across countries.
Given that the marginal effect of added SO 2 in the U.S. should be similar to that found here, there are two main implications for the U.S. market. First, regardless of the type of eco-certification or wine color, the price of wines that are intended to be cellared for longer periods of time benefits from the addition of SO 2 . Wineries producing such wines would likely benefit from the allowance of added SO 2 in wines labeled as "organic". Second, the effect of added SO 2 for wines intended to be consumed immediately varies depending on wine color and type of eco-label.
Future work that explores preferences regarding added SO 2 among consumers of American organic wines and wines made with organic grapes would shed further light on the potential economic benefits of altering label regulation for wines consumed shortly after purchase.
Endnotes
1 The addition of sugar is regulated both in the U.S. and in Europe (Bureau of Alcohol, Tobacco and Firearms, 1999; Meloni and Swinnen, 2012) .
2 From equation (1), the SO 2 variables could be interacted with all other variables.
Such a model, however, would contain an excessive number of independent variables, impeding estimation of the model. Consequently, the effect of added SO 2 is assumed to be separable. 3 Most wineries submit their wines to the website once and only report those wines they are selling at the time of the reporting, limiting the range of vintages reported by any single winery. 4 For all models, both random effects and fixed effects models were estimated. A
Hausman test was performed to test for correlation between u j and the independent variables. Only the model preferred by the Hausman test is reported. 5 Prior to Regulation (EU) No. 203/2012, all European wine was subject to limits on sulfite concentrations. The new regulation sets separate limits on organic wine that are 30 -50 mg/L less than conventional standards. This amounts to limits that average approximately 80 % of the limits on conventional wine. These new limits on European organic wine are similar to the limits on Demeter and FNIVAB certified wine used in the dataset. 6 While the country-specific organic certifications will now be subsumed by the EU standard under Regulation (EU) No. 203/2012, Demeter and Biodyvin certifications will continue because they indicate biodynamic production, not just organic production. 7 SIVCBD is the Syndicat International des Vignerons en Culture Bio-Dynamique, an association of French biodynamic winemakers. 8 The p-value on a two-sided test of the coefficient in the regression containing all AOC wines is 0.12, so while it does not meet the criterion for significance, it should be noted that if a 1-sided test is used, it would be significant at the 6 % level.
